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EXPERIMENTAL SECTION
Materials. N-hydroxysulfosuccinimide sodium salt (Sulfo-NHS), N-hydroxysuccinimide (NHS), folate, dicyclohexylcarbodiimide (EDC), sodium azide (NaN 3 ), bathophenanthroline disulfonic acid disodium salt, copper (II) sulfate, sodium L-ascorbate, amiloride, CPZ, Me-β-CD, nystatin and bovine serum albumin (BSA) were purchased from Sigma-Aldrich (St. Louis, MO, USA). The azidomodified peptide azido-GGKKKKKKKK (N-to-C direction) was synthesized from China Peptides Co. Ltd. (Shanghai, China, 98.3% purity). DNA ladder, folate-free Gibco RPMI 1640 medium and 10000 Da molecular weight cutoff dialysis membrane were obtained from Sangon Biotech Co. Ltd. (Shanghai, China). HeLa cells (human cervical carcinoma cell line), MCF-7 cells (human breast adenocarcinoma cell line) and L-02 cells (mouse endothelial cell line) were obtained from the cell bank of Central Laboratory at Xiangya Hospital (Changsha, China). RPMI 1640 medium, DMEM high glucose medium, penicillin, streptomycin and 10% heat-inactivated fetal bovine serum (FBS), 100% fresh fetal bovine serum (FBS), lipofectmine 3000 transfection reagent, miRNA-21 mimic (sense strand: 5'-UAG CUU AUC AGA CUG AUG UUG A-3'; antisense strand: 5'-AAC AUC AGU CUG AUA AGG UAT T-3') and inhibitor (5'-UCA ACA UCA GUC UGA UAA GCU A-3') were purchased from Thermo Fisher (MA, USA). Folate receptor alpha plasmid was obtained from Genscript Co. Ltd. (Nanjing, China). LysoTracker Green DND-26 was obtained from Invitrogen (Carlsbad, CA). Oligonucleotides used in this work (Table S1 ), all HPLC-purified and lyophilized, were obtained by Sangon Biotech Co. Ltd. (Shanghai, China). All other chemicals were of analytical grade and purchased from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China). Ultrapure water was obtained through a Millipore Milli-Q water purification system (Billerica, MA, USA) and had an electric resistance >18.25 MΩ.
Synthesis of multivalent folate probe (FAP).
Folate-NHS was synthesized performed as follows S1 :
Briefly, NHS (0.26 g) and EDC (0.47 g) were added successively in a mixture of 9.75 mL DMSO and 0.25 mL triethylamine containing 0.5 g folate. The reaction mixture was stirred overnight at room temperature followed by filtration to remove the byproduct. The solution was concentrated under reduced pressure followed by addition of ethyl ether (20 mL). The resulting yellow precipitate, folate-NHS, was washed three times with ethyl ether, dried under vacuum, and stored at -20 °C for future use.
The conjugation of folate-NHS with peptide was performed as follows: In 500 μL PB buffer (0.1 M Na 2 HPO 4 , 0.1 M KH 2 PO 4 , pH 7.4) containing 10 mM folate-NHS, 5 μL aqueous solution of the poly-lysine peptide azido-GGKKKKKKKK (10 mM) was added. The mixture was stirred at 37 °C for 2 h, and the resulting folate-conjugated peptide solution (100 μM) was purified by HPLC on a reverse phase C-18 column (50% acetonitrile, 0.1% trifluoracetic acid) to remove the excessive folate. The S4 folate-conjugated peptide was confirmed using ESI MS (Fig. S1) , and the MS spectrum was obtained in a positive ion mode on an LTQ OrbitrapVelos Pro mass spectrometer (Thermo Fisher Scientific).
The conjugation of the folate-conjugated peptide and the 5'-alkynyl modified ssDNA Linker L was performed by using the click chemistry reaction in HBS buffer (10 mM HEPES, 145 mM NaCl, pH 6.5). In a mixture containing 17 μL copper (II) sulfate pentahydrate solution (1.5 mM), 19 μL sodium L-ascorbate solution (30 mM), 11 μL bathophenanthroline disulfonic acid disodium salt hydrate solution (5 mM) and 57.5 μL folate-conjugated peptide (100 μM), 115 μL Linker L solution (20 μM) was added to the final concentration 4 μM. The reaction mixture was stirred for 1 h with the protection of N 2 . The resulting folate-peptide conjugated FAP probe was purified by dialyzed using 10000 Da molecular weight cutoff dialysis membranes against sterile water in order to remove the excessive folate-peptide. Fresh sterile water was changed every 2 h in 2 days. The product was confirmed by HPLC and UV-vis absorption spectroscopy ( Fig. S2-S3 ). The UV-vis absorption spectra were measured in a quartz cell with an optical length of 1 cm using a UV-2550 spectrometer (Shimadzu, Japan) with a wavelength interval of 2 nm. HPLC was performed on a reverse phase C-18 column (50% acetonitrile, 0.1% trifluoracetic acid) with UV-vis absorption detection (Agilent Technologies, Germany).
Preparation of Y-shaped scaffold, tripartite DNA probe and gel electrophoresis analysis. The Yshaped DNA was prepared by hybridization of three ssDNA, Ya, Yb and Yc (Table S1) , with an equal concentration in TAE-Mg 2+ buffer (40 mM Tris buffer, 2 mM EDTA, and 12.5 mM MgAc 2 ) to the final concentration 4 μM.
The one-pot synthesis of the tripartite DNA nanostructure probe was performed by mixing three ssDNA, Ya, Yb and Yc with an equal concentration (2 μM) in TAE-Mg 2+ buffer followed by the addition of an equal volume of the mixture of hairpin probes H1, H2, and FAP probe with the same S5 concentration of 2 μM in TAE-Mg 2+ buffer. The resulting tripartite DNA nanostructure probe (1 μM) was kept at -20 °C for future use.
In gel electrophoresis analysis, ~1 μM DNA probe or a mixture of DNA probe with target miR-21 was loaded into a well of the precast 4% agarose gel. The reaction time was 3 hours. Electrophoresis was run at 100 V in 1×TBE buffer for 60 min. The DNA ladder was used as the molecular weight standard. After electrophoresis, the gel was visualized using a Tocan 240 gel imaging system (Tocan Biotechnol. Co., Shanghai, China).
The estimated yield of Y-DNA was calculated by Fiji software (https://fiji.sc/). The yield of Y-DNA was the integral intensity ratio of the main band to all the bands. Cell culture and confocal imaging. HeLa cells and L-02 cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 U/mL penicillin and 100 g/mL streptomycin. MCF-7 cells were grown in Dulbecco's-modified Eagles medium (DMEM) supplemented with 10% fetal bovine serum, 100 U/mL penicillin and 100 g/mL streptomycin. All cell lines were maintained at 37 S6°C in a humidified incubator containing 5% CO 2 . The cell density was determined using a TC20 automated cell counter (BIO-RAD, USA).
To obtain MCF-7 and L-02 cells with folate receptor expression on the membrane and modulate the expression of miR-21 in the cells, transfection experiments were performed as follows: Folate receptor alpha plasmid (1 μg) was transfected into the cells by using lipofectamine 3000 transfection reagent.
Synthetic miRNA-21 mimic or inhibitor of a given concentration was also transfected with lipofectamine 3000. After transfection over 24 h, the cells were subjected to further analysis.
Cells were plated on a 35 nm Petri dish with 14 mm well and grown to 50-70% confluency in 2 mL corresponding medium (no folate) at 37 °C for 24 h. After incubated with 1 mL culture medium (no folate) containing 100 nM Y-H1-H2-FAP probe or control probe at 37 °C for 3 h followed by washing three times with cold PBS, the cells were incubated with 1 mL fresh medium at 37 °C.
Fluorescence imaging of intracellular localization was performed as follows: cells plated on a 35 mm Petri dish were incubated with 1 mL culture medium (no folate) containing 100 nM Y-H3-H4-FAP probe or Y-H1-H2-FAP probe at 37 °C. After washing three times with cold PBS, the cells were incubated with fresh RPMI 1640 medium containing 100 nM Lysosome traker (Lyso@traker green) for 20 min followed by imaging.
For cellular uptake experiment, cells grown on a 35 mm Petri dish were firstly incubated for 1 h at 37 °C with 1 mL culture medium containing 1% NaN 3 , nystatin (50 µM), chlorpromazine (50 µM) amiloride (50 µM) or methyl-β-cyclodextrin (10 mM). Then, the cells were incubated with 1 mL culture medium containing 100 nM Y-H3-H4-FAP probe and the inhibitor of the aforementioned concentration at 37 °C for 1 h followed by imaging.
All fluorescence images were obtained using an oil immersion objective (100×, NA 1.3) on a Nikon TI-E+A1 SI confocal laser scanning microscope (Japan). Red laser (640 nm) was used for Cy5 S7 fluorescence detection, a laser (488 nm) was used as the excitation source for the detection of LysoTraker Green DND-26, a laser (560 nm) was used as the excitation source for the detection of the Y-H3-H4-FAP probe.
Flow cytometry assay of miRNA-21 expression using DNA probe. HeLa, MCF-7 and L-02 cells (10 5 cells) were incubated with 100 nM of the specified probe in 1 mL fresh medium at 37 °C for 3 h followed by washing three times with cold PBS. The cells were treated with 50 μL of 0.25% trypsin for 5 min and centrifuged for 2 min at 2000 g followed by two washes with 500 μL PBS and resuspension in 1 mL PBS for flow cytometry assay on a CytoFLEX TM flow cytometer (Beckman coulter, USA). The excitation wavelength used in the assay was 635 nm. Error bars indicated SDs across three repetitive assays. The fluorescence emission intensity was found to be linear correlation to the concentration of miR-21 in the range of 0.001-1 nM and the limit of detection (LOD) was calculated to be 0.8 pM. The reaction time was three hours. The concentration of DNA probe was 100 nM. 
Quantitative Reverse transcription-PCR (qRT-PCR

